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POLARIZATION SENSITIVE 
OPTICAL SUBSTRATE 

Background of Invention 

[0001] This invention relates to optical substrates and, more specifically, to thin film 

coated optical substrates for discriminating between the polarization states of light 
transmitted therethrough. 

[0002] In backlight computer displays or other display systems, optical films are 
commonly used to direct light. For example, in backlight displays, brightness 
enhancement films use prismatic structures to direct light along a viewing axis (i.e., 
an axis substantially normal to the display). This enhances the brightness of the light 
viewed by a user of the display and allows the system to consume less power in 
creating a desired level of on-axis illumination. Films for turning light can also be 
used in a wide range of other optical designs, such as for projection displays, traffic 
signals, and illuminated signs. 

[0003] Backlight displays and other systems use layers of films stacked and arranged so 
that the prismatic surfaces thereof are perpendicular to one another and are 
sandwiched between other optical films known as diffusers. Diffusers have highly 
irregular surfaces. 

[0004] Light turning and diffusion are typically handled with a 3 or 4 film stack. The stack 
is comprised of brightness enhancing films and diffuser films. Polarization recycling is 
typically accomplished by using other films in addition to the typical stack (sometimes 
one of the films is replaced by this additional element). This additional film may be a 
multilayer birefringent film, a liquid crystal birefringent film, a birefringent film with 
scattering particles or a MacNielle type array of polarizing beam splitter prisms 
formed in a film. 
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Summary of Invention 

[0005] A first embodiment of the invention features a polarization sensitive optical 

substrate which comprises a planar surface and a first thin film applied to the planar 
surface. The first thin film has a thickness of X /4/n, where X is the wavelength in air 
of light incident upon the first thin film and n is the refractive index of the first thin 
film. A first prismatic surface, having a prescribed peak angle, oc , height, h, length, I, 
and pitch, p, is optionally also coated with a second thin film, and is in opposition to 
the planar surface. Yet further, the planar surface may be replaced with a second 
prismatic surface similar to the first prismatic surface. One or both of the prismatic 
surfaces may be randomized in their peak angle, a , height, h, length, I, and pitch, p. 
The second prismatic surface may also have a random or non-random peak angle, y > 
height, g, length, I, and pitch, q. The prismatic surface may also comprise a refractive 
index different than that of the substrate. 

[0006] A second embodiment of the invention features a backlight display device 
comprising an optical source for generating light. A light guide guides the light 
therealong. A reflective device, positioned along the light guide, reflects the light out 
of the light guide. The backlight display device includes a polarization sensitive 
optical substrate comprising a planar surface receptive of light from the light guide 
and a first thin film applied to the planar surface. The first thin film has a thickness of 
X /4/n, where X is the wavelength of light incident upon the first thin film and n is the 
refractive index of the first thin film. A first prismatic surface is in opposition to the 
planar surface and a spacer is positioned between the polarization sensitive optical 
substrate and the light guide for preventing contact therebetween. The first prismatic 
surface, having a prescribed peak angle, a , height, h, length, I, and pitch, p, is 
optionally also coated with a second thin film, and is in opposition to the planar 
surface. Yet further, the planar surface may be replaced with a second prismatic 
surface similar to the first prismatic surface. One or both of the prismatic surfaces 
may be randomized in their peak angle, (x , height, h, length, I, and pitch, p. The 
second prismatic surface may have peak angle, y , height, g, length, I, and pitch, q. 

[0007] The invention works by allowing highly oblique light, such as that exiting the 
backlight display device to enter the polarization sensitive optical substrate at a 
glancing angle (e.g., between 60 and 90 degrees as measured from the normal to the 
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average surface or a nominal plane) without an intervening diffuser. The polarization 
sensitive optical substrate directs the incident light such that the light exiting 
therefrom is in a direction that is close to the average surface normal of the 
polarization sensitive optical substrate. This results in partial polarization of the 
exiting light. The polarization effect is enhanced by the use of thin film coatings 
applied to the surfaces of the polarization sensitive optical substrate. For example, a 
single thin film of Va wavelength of light in thickness of a high index of refraction 
material such as a metal oxide such as TiO ^ may be applied to a planar surface of the 
polarization sensitive optical substrate. An additional substrate may be located above 
the polarization sensitive optical substrate to provide diffusion of light. This substrate 
may be a retarder film that is used to rotate the plane of polarization of the light 
exiting the polarization sensitive optical substrate such that the light is better 
matched to the input polarization axis of an LCD. Alternatively, for this purpose the 
retarder film could be built into the lower LCD substrate. 

Brief Description of Drawings 

[0008] FIGURE 1 is a three dimensional view of a back light display device. 

[0009] FIGURE 2 is a first cross section of a segment of a thin film coated polarization 
sensitive optical substrate including a single prismatic surface and showing the path 
of light therethrough. 

[001 0] FIGURE 3 is a second cross section of a segment of a thin film coated polarization 
sensitive optical substrate including a single prismatic surface and showing the path 
of light therethrough. 

[001 1] FIGURE 4 is a graphical depiction of the intensity of s-polarized and p-polarized 
light within the polycarbonate substrate of Figure 3, as a function of the angle of 
incidence, 9 ^ , of a beam of light having a wavelength of about 550 nm falling upon 
an uncoated planar surface of the substrate and wherein the substrate has a refractive 
index of about 1 .59. 

[001 2] FIGURE 5 is a graphical depiction of the intensity of s-polarized and p-polarized 
light within the polycarbonate substrate of Figure 3, as a function of the angle of 
incidence, 0 ^ , of a beam of light having a wavelength of about 5 50 nm falling upon 
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an approximately 58 nm thick TiO thin film coated planar surface of the substrate 
and wherein the substrate has a refractive index of about 1 .59. 

[001 3] FIGURE 6 is a graphical depiction of the intensity of s-polarized and p-polarized 
light that has exited the uncoated prismatic surface of Figure 3, as a function of the 
angle of incidence, 9 ^ , of the beam of light within the substrate falling upon the 
prismatic surface, wherein the prismatic surface has a refractive index of about 1.59. 

[0014] FIGURE 7 is a graphical depiction of the intensity of s-polarized and p-polarized 

light that has exited the thin film coated prismatic surface of Figure 3, as a function of 
the angle of incidence, 9 , of the beam of light within the substrate falling upon the 
prismatic surface, wherein the prismatic surface has a refractive index of about 1.59. 

[001 5] FIGURE 8 is a graphical depiction of the intensity of s-polarized and p-polarized 

light that has exited the thin film coated prismatic surface of Figure 3, as a function of 
the angle of incidence, 9 , of the beam of light within the substrate falling upon the 
prismatic surface, wherein the prismatic surface has a refractive index of about 1 .65. 

[001 6] FIGURE 9 is a graphical depiction of the intensity of s-polarized and p-polarized 

light that has exited the thin film coated prismatic surface of Figure 3, as a function of 
the angle of incidence, 0 , of the beam of light within the substrate falling upon the 
prismatic surface, wherein the prismatic surface has a refractive index of about 1 .85. 

[001 7] FIGURE 1 0 is a graphical depiction of the intensity of s-polarized and p-polarized 
light that has exited the thin film coated prismatic surface of Figure 3, as a function of 
the angle of incidence, 0 , of the beam of light within the substrate falling upon the 
prismatic surface, wherein the prismatic surface has a refractive index of about 2.02. 

[001 8] FIGURE 11 is a graphical depiction of the intensity of s-polarized and p-polarized 
light within the polycarbonate substrate of Figure 3, as a function of the angle of 
incidence, 9 ^ , of a beam of light having a wavelength of about 5 50 nm falling upon a 
multi-layer quarter wave thin film coated stack on the planar surface of the substrate 
and wherein the substrate has a refractive index of about 1 .59. 

[0019] 

FIGURE 12 is a graphical depiction of the intensity of s-polarized and p-polarized 
light within the polycarbonate substrate of Figure 3, as a function of wavelength for a 
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constant angle of incidence, 0 ^ ^ 70 degrees, of a beam of light falling upon an 
approximately 58 nm thick TiO thin film coated planar surface of the substrate and 
wherein the substrate has a refractive index of about 1 .59. 

[0020] FIGURE 1 3 is a graphical depiction of the intensity of s-polarized and p-polarized 
light within the polycarbonate substrate of Figure 3, as a function of wavelength for a 
constant angle of incidence, 9 1 ^ 0 degrees, of a beam of light falling upon an 
approximately 58 nm thick TiO ^ thin film coated planar surface of the substrate and 
wherein the substrate has a refractive index of about 1 .59. 

[0021] FIGURE 14 is a third cross section of a segment of a thin film coated polarization 
sensitive optical substrate including two opposing prismatic structures or surfaces 
and showing the path of light therethrough. 

[0022] FIGURE 1 5 is a segment of a prismatic structure having a notch formed therein. 

[0023] FIGURE 1 6 is a first sectional view of the segment of the prismatic structure of 
Figure 1 5 viewed along the length of the prismatic structure. 

[0024] FIGURE 1 7 is a second sectional view of the segment of the prismatic structure of 
Figure 1 5 viewed perpendicular to the length of the prismatic structure. 

[0025] FIGURE 1 8 is a three dimensional view of the optical substrate showing the 
orientation of the notches of Figures 15,16 and 1 7 with respect to prism axes. 

[0026] FIGURE 1 9 is a cross sectional view of a prism having multiple facets. 

[0027] FIGURE 20 is a cross sectional view of a prism having a rounded or truncated peak. 

[0028] FIGURE 21 is a three dimensional view of optical substrates positioned such that 
the direction of prismatic surfaces thereon are positioned at an angle with respect to 
one another. 

[0029] FIGURE 22 is a cross sectional view of a segment of a thin film coated polarization 
sensitive optical substrate including a multi-layered thin film stack. 

[0030] 

FIGURE 23 is a cross sectional view of a segment of a thin film coated polarization 
sensitive optical substrate including two opposing prismatic structures or surfaces 
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having the same pitch, height, peak angle and length with their peaks aligned and 
showing the path of light therethrough. 

Detailed Description 

[0031] In Figure 1 a perspective view of a backlight display 100 device is shown. The 
backlight display device 100 comprises an optical source 102 for generating light 
1 1 6. A light guide 1 04 guides the light 1 1 6 therealong by total internal reflection 
(TIR). The light guide 1 04 contains disruptive features that cause the light 1 1 6 to 
escape the light guide 104. A reflective substrate 106 positioned along the lower 
surface of the light guide 1 04 reflects any light 1 1 6 escaping from the lower surface 
of the light guide 104 back through the light guide 104 and toward an optical 
substrate 1 08. At least one optical substrate 1 08 is receptive of the light 1 1 6 from the 
light guide 104. The optical substrate 108 comprises on one side thereof a planar 
surface 1 1 0 and on a second opposing side thereof a prismatic surface 1 1 2. The 
optical substrate 1 08 is receptive of the light 1 1 6 and acts to turn the light 1 1 6 in a 
direction that is substantially normal to the optical substrate 1 08 along a direction z 
as shown. The light 1 16 is then directed to an LCD for display. A diffuser 1 14 may be 
located above the optical substrate 1 08 to provide diffusion of light. This substrate 
1 14 may be a retarder film that is used to rotate the plane of polarization of the light 
exiting the optical substrate 108 such that the light is better matched to the input 
polarization axis of an LCD. A half wave retarder, for example, may be used to rotate 
the substantially linearly polarized light exiting the optical substrate 108. The retarder 
may be formed by stretching a textured or untextured polymer substrate along one 
axis thereof in the plane of the substrate. Alternatively, a liquid or solid crystal device 
may be used. Alternatively, for this purpose the retarder film 1 14 could be built into 
the lower LCD substrate. 

[0032] As best understood from Figures 1 and 21, the backlight display device 100 may 
include a plurality of optical substrates 108, 1 10 wherein the plurality of optical 
substrates 108, 1 10 are positioned such that the direction of the prismatic surfaces 
1 1 2 are positioned at an angle with respect to one another, e.g., 90 degrees. 

^ J In Figure 2 a cross section of a segment of a thin film coated polarization sensitive 
optical substrate 200 showing the path of a light beam 212, 256, 21 4 therethrough is 
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depicted. The light beam 21 2 is incident upon the optical substrate 200 at an angle of 

G j which may span 0 to 90 degrees and which will include Brewster's angle 9 ^ . The 

polarization sensitive optical substrate 200 comprises a planar surface 206 and a first 

thin film 202 applied to the planar surface 206. The first thin film ("quarter-wave 

film") 202 has a thickness of X /4/n4, where X is the wavelength of the light beam 212 

incident upon the first thin film 202 and n is the refractive index of the first thin 

4 

film. As best understood, for a "quarter wave stack" the thickness of one or more thin 
films in a stack is generally given by (1 + 2x j) X /4/n, where j is an integer. The 
polarization sensitive optical substrate 200 also includes a prismatic surface 204 in 
opposition to the planar surface 206. The prismatic surface 204 comprises a plurality 
of prism structures having a peak angle of a , a pitch between peaks of p, length, I, 
and a height of h. The polarization sensitive optical substrate 200 may also include a 
second thin film 216 (only a segment of which is shown) applied to the prismatic 
surface 204. The second thin film 2 1 6 has a thickness of X /4/n5, where X is the 
wavelength of the light beam 2 56 incident upon the second thin film 216 from within 
the polarization sensitive optical substrate 200 and n is the refractive index of the 
second thin film 216. The first and second thin films 202, 216 may be the same or 
different and may be for example comprised of a metal oxide, such as titanium oxide 
(TiO ). Generally, materials with a refractive index, n, between about 1 .9 and 3.0 are 
suitable as thin films 202, 216. It will be appreciated that the thin films 202, 216 may 
comprise multiple thin films (e.g., a "stack") of varying thickness and refractive indices 
positioned one above the other. As best understood from Figure 2, the opposing 
surfaces 206, 204 may both be prismatic surfaces. In such a case the surface 206 is in 
the same nature as prismatic surface 204. When such is the case, the peak angles, a , 
of the prisms 204 may be the same or different, the pitch, p, between peaks may be 
the same or different, the length, I, may be the same or different and the height, h of 
the peaks may be the same or different. Still further the opposing surfaces 206, 204 
may both be randomized in their peak angles, ex , their pitch, p, their length, I, and 
their height, h. 

[0034] 

Continuing in Figure 2, a beam of light 2 1 2 emanating, for example, from a 
backlight display device, is incident upon the first thin film 202 applied to the planar 
surface 206 at an angle of 6 . According to well known optical principles, the beam 
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of light 2 1 2 when passing from a medium of refractive index n to a medium of 
refractive index n , where n ^ is greater than n ^ , is deflected so as to follow the 
path 2 56 within the optical substrate 200. The beam of light 256 within the optical 
substrate 200 then falls upon the prismatic surface 204 at an angle of 9 and again, 
according to well known optical principles, when passing from a medium of refractive 
index n to a medium of refractive index n , where n is greater than n , is 
deflected so as to follow the path 214. 

[0035] For example, in Figure 3, where a polycarbonate substrate 206 with a refractive 

index of 1 .59 and a thin film coating 216 having a refractive index, n , of 2.02, and 

6 

0 ^ is about 80 degrees and 0 ^ is about 1 5.5 degrees, the s-polarization 
transmission is 0.075 x 0.987 x 0.507 = 0.037 = 3.7%; and the p-polarization 
transmission is 0.925 x 0.996 x 0.949 = 0.87 = 87%. Thus, the light exiting the 
substrate 200 along path 214 is predominantly p-polarized light. Most of the s- 
polarized light does not escape the substrate 200 and may be recycled. The middle 
term of the above products reflects the interface between the substrate and the prism 
structures when they have different refractive indices. 

[0036] j n an alternative embodiment of the substrate 200, Figure 3 shows a second cross 
section of a segment of the thin film coated polarization sensitive optical substrate 
200 including a prismatic surface 204. In Figure 3, a beam of light 212 emanating, for 
example, from a backlight display device, is incident upon the planar surface 206 at 
an angle of 0 . According to well known optical principles, the beam of light 2 1 2 
when passing from a medium of refractive index n ^ to a medium of refractive index n 
^ , where n is greater than n , is deflected so as to follow the path 256 within the 
optical substrate 200. The beam of light 2 56 within the optical substrate 200 then 
falls upon the prismatic structure 204 of the prismatic surface at an angle of 0 . The 
prismatic surface 204 has a refractive index of n which may be different than the 

refractive index, n of the substrate 206. It will be understood that n may be 

2 6 

greater than or less than n . Again, for example, according to well known optical 
principles, when passing from a medium of refractive index n to a medium of 

refractive index n , where n is greater than n , the light is deflected so as to 

6 2 6 

follow the path 21 8 and when passing from a medium of refractive index n to a 

6 

medium of refractive index n , where n is greater than n , is deflected so as to 

3 6 y 3 
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follow the path 214. 

[0037] In Figure 4 a graphical depiction of the intensity of s-polarized 302 and p- 

polarized 304 light within the polycarbonate substrate 200 of Figure 3 is shown, as a 
function of the angle of incidence, 0 ^ , of a beam of light 2 1 2 having a wavelength of 
about 550 nm falling upon an uncoated planar surface 206 of the substrate 200 and 
wherein the substrate 200 has a refractive index, n , of about 1.59. 

[0038] In Figure 5 a graphical depiction of the intensity of s-polarized 306 and p- 

polarized 308 light within the polycarbonate substrate 200 of Figure 3 is shown, as a 
function of the angle of incidence, 9 ^ , of a beam of light 212 having a wavelength of 
about 550 nm falling upon an approximately 58 nm quarter wave thick TiO thin film 
coated planar surface 206 of the substrate 200 and wherein the substrate 200 has a 
refractive index, n , of about 1 .59. As can be seen in comparing Figures 4 and 5, 
there is a much greater sensitivity in transmission for the p-polarized 308 light in the 
substrate 200 when the planar surface 206 is coated (Fig. 5) than when the planar 
surface is uncoated (Fig. 4). 

[0039] In addition to the improvement seen in the transmission of p-polarized light for a 
coated planar surface (Fig. 5), there is also an improvement in the transmission of p- 
polarized light exiting a coated prismatic surface 204 of the substrate 200 of Figure 
3. In Figure 6 a graphical depiction of the intensity of s-polarized 31 0 and p- 
polarized 312 light that has exited an uncoated prismatic surface 204 of Figure 3, as a 
function of the angle of incidence, 6 , of the beam of light 2 56 within the substrate 
200 falling upon the uncoated prismatic surface 204, wherein the prismatic surface 
204 has a refractive index of about 1.59. 

[0040] | n pig Ure 7 a graphical depiction of the intensity of s-polarized 314 and p- 

polarized 31 6 light that has exited an approximately 58 nm quarter wave thick TiO 
thin film coated prismatic surface 204 of Figure 3, is shown as a function of the angle 
of incidence, 9 , of the beam of light 256 within the substrate 200 falling upon the 
prismatic surface 204, wherein the prismatic surface 204 has a refractive index, n 

6 

of about 1.59. As can be seen in comparing Figures 6 and 7, there is a much greater 
sensitivity in transmission for the p-polarized 316 light in the substrate 200 when the 
prismatic surface 206 is coated (Fig. 7) than when the prismatic surface 206 is 
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uncoated (Fig. 6). 

[0041] The sensitjvity in the transmission of p-polarized light may also be improved by 

adjusting the refractive index of the prismatic surface 204 as seen in Figures 8, 9 and 

1 0. In Figure 8 a graphical depiction of the intensity of s-polarized 3 1 8 and p- 

polarized 320 light that has exited an approximately 58 nm quarter wave thick TiO 

thin film coated prismatic surface 204 of Figure 3, is shown as a function of the angle 

of incidence, 9 , of the beam of light 256 within the substrate 200 falling upon the 

prismatic surface 204, wherein the prismatic surface 204 has a refractive index, n , 

6 

of about 1 .65. 

[0042] In Figure 9 a graphical depiction of the intensity of s-polarized 322 and p- 

polarized 324 light that has exited an approximately 58 nm quarter wave thick TiO 

thin film coated prismatic surface 204 of Figure 3, as a function of the angle of 

incidence, 0 , of the beam of light 2 56 within the substrate 200 falling upon the 

prismatic surface 204, wherein the prismatic surface 204 has a refractive index, n , 

6 

of about 1 .85. 

[0043] In Figure 1 0 a graphical depiction of the intensity of s-polarized 326 and p- 

polarized 328 light that has exited an approximately 58 nm quarter wave thick TiO 

thin film coated prismatic surface 204 of Figure 3, as a function of the angle of 

incidence, G , of the beam of light 256 within the substrate 200 falling upon the 

prismatic surface 204, wherein the prismatic surface 204 has a refractive index, n , 

6 

of about 2.02. 

[0044] yet further, the sensitivity in the transmission of p-polarized light may also be 
improved by the application of a multi-layered thin film stack (Fig. 22) on the planar 
or prismatic surfaces 204, 206. A multi-layered optical thin film "stack" comprises a 
plurality of optical thin films having alternatingly relatively high refractive indices 
interleaved with relatively low refractive indices or vise versa wherein the layers of the 
stack have thicknesses of (1 + 2 x k) A /m/n, where k and m are integers. In Figure 
1 1 a graphical depiction of the intensity of s-polarized 330 and p-polarized 332 light 
within the polycarbonate substrate 200 of Figure 3 is shown, as a function of the 
angle of incidence, 9 ^ , of a beam of light 2 1 2 having a wavelength of about 5 50 nm 
falling upon a three layer quarter wave thin film stack 270 (Fig. 22) coated onto the 
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planar surface 206 (or prismatic surface 204) of the substrate 200 and wherein the 
substrate 200 has a refractive index of about 1.59. The stack of thin films 270 may 
comprise a high-low-high stack such as a 94 nm SiO thin film sandwiched between 
two 58nm TiO ^ thin films, or a low-high-low stack such as a 58 nm TiO ^ thin film 

sandwiched between two 94 nm SiO thin films. 

2 

[0045] It is also noted that the sensitivity in the transmission of p-polarized light may be 
substantially wavelength independent. In Figure 12 a graphical depiction of the 
intensity of s-polarized 336 and p-polarized 334 light within the polycarbonate 
substrate 200 of Figure 3, as a function of wavelength for a constant angle of 
incidence, 9 ^ ^ 70 degrees, of a beam of light 212 falling upon an approximately 58 
nm quarter wave thick TiO thin film coated planar surface 206 of the substrate 200 
and wherein the substrate 200 has a refractive index of about 1 .59. As can be seen in 
Figure 1 2, over the approximate visible spectrum, both s-polarized 336 and p- 
polarized 334 light are nearly constant, and the intensity of the p-polarized 334 light 
is greater than that of the s-polarized 336 light. 

[0046] In Figure 13 a graphical depiction of the intensity of the s-polarized and p- 

polarized light within the polycarbonate substrate 200 of Figure 3, as a function of 
wavelength for a constant angle of incidence, 9 ^ ^ 0 degrees, of a beam of light 2 1 2 
falling upon an approximately 58 nm quarter wave thick TiO thin film coated planar 
surface 206 of the substrate 200 and wherein the substrate 200 has a refractive index 
of about 1 .59. As can be seen in Figure 1 3, over the approximate visible spectrum, 
both s-polarized 336 and p-polarized 334 light are nearly constant, and equal due to 
the zero degree angle of incidence. 

[0047] 

In an alternative embodiment of the substrate 200, Figure 14 shows a third cross 
section of a segment of the thin film coated polarization sensitive optical substrate 
200 having two opposing prismatic surfaces 204, 2 54. The path of the light beam 
212, 256, 214 passing therethrough is depicted. A first prismatic surface 254 
comprises a plurality of prism structures having a peak angle of y , a pitch between 
peaks of q, length, I, and a height of g. The first prismatic surface 2 54 may be coated 
with the first thin film 202 and the second prismatic surface 204 may also be coated 
with the second thin film 21 6. The facets of the prism structures of the opposing 



AppJD= 10065957 



Page 11 of 39 



3 « i! I!' 11 35 :J i!'"f ..>■" 1 Jr- 11 ,1! *•» U irf 



[0048] 



surfaces 204, 2 54 are such as to subtend an angle of p therebetween. The beam of 

light 212, emanating for example from a backlight display device and having parallel, 

I m and perpendicular, Is ( • ), components of polarization, is incident upon the 
P 

first prismatic surface 254 both at an angle of e with respect to a normal 260 to a 
plane 258 of the planar surface 206, and at an angle of cj> with respect to a normal 
262 to the face of the prism structure 254. As noted above, according to well known 
optical principles, the beam of light 212 when passing from a medium of refractive 
index n to a medium of refractive index n , where n is greater than n i , is 
deflected so as to follow the path 256, subtending an angle of ip 1 with respect to the 
normal 262, within the optical substrate 200. The beam of light 256 within the optical 
substrate 200 then falls upon the prismatic surface 204 at an angle of ip 2 with 
respect to a normal 210 thereto. Again, according to well known optical principles, 
when passing from a medium of refractive index n to a medium of refractive index n 

where n is qreater than n , the beam of light 256 is deflected so as to follow 

3 ' 2 3 

the path 2 1 4, subtending an angle of cj> with respect to the normal 2 1 0. In a 

symmetric arrangement, $ ] - 4> 2 = * and ip ] = ip 2 = ip , and it can be shown that 

2 4> = e + p and £ - 2 ip . For a substrate 200 having an index of refraction of n ^ 

1 .59, e « 80 degrees, <J> «» 78 degrees and p ^ 76 degrees, without the thin film 

coatings on the surfaces 204, 206 of the substrate 200 the total (two surface) power 

transmission for the s- and p-polarized light was T 70% and 24%, while 

P 

with thin film TiO ^ coatings T 99% and T ^ 2%. 

2 p s 

In Figure 23, the first and second prismatic surfaces 204, 2 54 each may have the 
same pitch, p, height, h, peak angle, cc , length, I, and may or may not have their 
peaks aligned with one another along the vertical prism axis 208. The peak angle, a , 
is less than or equal to 80 degrees and more preferably less than or equal to 60 
degrees. The first prismatic surface 254 may be coated with the first thin film 202 and 
the second prismatic surface 204 may also be coated with the second thin film 216. A 
beam of light 212 enters the substrate 206 perpendicular to a nominal film plane 278 
(or the planar surface 2 58) and at an angle 6 ^ with respect to the prismatic surface 
254. According to well known optical principals the beam 212 thus follows the path 
2 56 within the substrate 206 and exits the substrate 206 at an angle of 8 ^ with 
respect to the prismatic surface 204 and also perpendicular to the nominal film plane 
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[0049] In Figure 1 5 a segment of either of the prismatic surfaces 204, 2 54 is shown. In 
the prismatic surface 204, 254 a segment thereof, or "notch" is shown at 270. The 
"notch" 270 is formed by removing a portion of the prismatic surface 204, 2 54 at the 
peak thereof so as to subtend an angle O . As best understood from Figures 15,16 
and 1 7, the notch 270 may be oriented at an angle uo with respect to a horizontal axis 
264 as viewed along the length of the prismatic surface 204, 2 54 in Figure 16, and 
may also be oriented at an angle x with respect to the vertical axis 208 as viewed 
perpendicular to the prismatic surface 204, 254 in Figure 17. The notch 270 also has 
a notch axis 274 such that the notch 2 70 also subtends an angle of p with respect to 
the prism axis 272 (Fig. 1 8). The purpose of the cross cut "notch" feature 270 is to 
transform the polarization state of s-polarized light that is reflected from the primary 
upper working face and the surface of the notch 270. The notch 270 forms a totally 
internally reflecting structure that is oriented so that light that is s-polarized with 
respect to the prism axis 272 is not s-polarized with respect to the notch axis 274. 
Since this light is reflected by the notch 270 and contains both s- and p-polarization 
components with respect to the notch 270, the notch 270 may be designed to create a 
phase difference between reflected components (e.g., local s- and p-polarizations) 
such that polarization is transformed with respect to the nominal prism axis 2 72. This 
will aid polarization recycling. Additional or alternative polarization converting or 
scrambling devices may also be employed. 

[0050] In Figures 19 and 20, because little of the first pass p-polarized light is incident 
near the peak of the prism structures 204 it can be seen that the cross sectional 
geometry of the prism structures 204 of the prismatic surface may be modified to 
reduce the transmission of s-polarized light. In particular, in Figure 1 9, the side facets 
of the prism 204 are so as to form one or more compound facets 204a, 204b, 
respectively subtending an angle of rj or k with the base of the prism 204c. 
Furthermore, in Figure 20 the peak of the prism 204 may be rounded with a radius R 
or truncated to a depth, s. 

[0051] 

Embodiments of the optical substrates have been described with respect to use in 
backlight displays or the like. The optical substrates, however, can be used in a wide 



App_ID=10065957 



Page 13 of 39 



"il 11 J.S :b a "j> "IMS 



"■i, a"- 1! Jl "•]]■ 5l,R.u ;,J 



variety of other applications as well. Embodiments of the substrates can be used in 
Fresnel lenses, hybrid glass/plastic lenses, optical disks, diffuser films, holographic 
substrates or in combination with conventional lenses, prisms or mirrors. The optical 
substrates can also be used in single or multi-order reflective, transmissive or 
partially transmissive, devices, whether light absorbing or non-light absorbing; 
prisms, holographic optical elements, or diffraction gratings. The substrates can be 
used in other applications such as projection displays, illuminated signs, and traffic 
signals. 

[0052] Thus, based upon the foregoing description, a polarization sensitive optical 

substrate has been disclosed which comprises a planar surface and a first thin film 
applied to the planar surface. The first thin film has a thickness of X /4/n, where X is 
the wavelength of light incident upon the first film and n is the refractive index of the 
first thin film. A prismatic surface having a prescribed peak angle, « , height, h, 
length, I, and pitch, p, is optionally also thin film coated, and is in opposition to the 
planar surface. Yet further, the planar surface may be replaced with a similar prismatic 
surface, and one or both prismatic surfaces may be randomized in their peak angle, 
<x , height, h, length, I and pitch, p. The optical substrate may also include a multi- 
layer thin film stack. 

[0053] Any references to first, second, etc. or front and back, right and left, top and 

bottom, upper and lower, and horizontal and vertical, or any other phrase that relates 
one variable or quantity with respect to another are, unless noted otherwise, intended 
for convenience of description, not to limit the present invention or its components to 
any one positional or spatial orientation. All dimensions of the components in the 
attached Figures can vary with a potential design and the intended use of an 
embodiment without departing from the scope of the invention. 

[0054] 

While the invention has been described with reference to several embodiments 
thereof, it will be understood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements thereof without departing from 
the scope of the invention. In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that the invention not be 
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limited to the particular embodiments disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include all embodiments falling 
within the scope of the appended claims. 
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